This study investigates the factors that effect of human body shape on the pedestrian's specific flow rate at openings.
─ 1800 ─ Group A Group B entrance shoulder angle:
─ 1801 ─ (n=6) (n=12) (n=4) (n=12) (n=4) (n=12) (n=7) (n=6) (n=6) (n=8) (n=7) (n=9) ─ 1803 ─ For the specific flow rate of pedestrians at openings to calculate evacuation time, the value 1.5 person/m/s is defined on the Building Standard Law in Japan. However, in practice, the higher numbers have been occasionally measured. It is from the formula generally agreed that the specific flow rate can be determined just from the walking speed of pedestrians and width of the aperture as long as enough lots of pedestrians are piling up in front of the bottleneck. Nevertheless, since pedestrian is an indivisible object that has a horizontally oval body shape, the flow rate may be unable to increase linearly like fluid or sphere-shaped objects. Thus, the mechanism that determines specific flow rate at openings will be much more complex and not yet clarified.
Methods
An experiment under laboratory conditions was carried out to analyze the behavior of pedestrians behavior at openings. Total of 98 participants were divided into two groups to allow each experimental condition to be repeated twice.
Participants walked through openings with different widths ranging from 800mm to 1,200mm, in 100-mm spans (Table2). For comparison, another two other types of pedestrian crowd layouts were also used for the 900-mm opening width and the 1,200-mm opening width. The experiment was recorded using three video cameras installed in the experimental room (Figs.1-4) .
The spatial coordinates and shoulder angle of each pedestrian were measured at 0.5-s intervals using the video. Then, the flow rate and pedestrian status at the time they entered the opening were calculated based on the processed data.
Results
The results showed that the means of the specific flow rate were distributed from 2.0 to 2.6 person/m/s (Table3).
These numbers are much higher than 1.5 person/m/s, which is currently commonly used for building planning. It is also significant that rather than increase linearly with the opening width, the flow rate increased in form of a round 200-mmspan step function (Fig.7 ). The graph also shows a phase shift of about 100 mm between groups A and B.
The pedestrians were already headed towards their destination, the opening (Fig.13) . The participants' bodies at the opening were often not perpendicular to the opening (Figs.14-18 ). The participants that came from the side of the opening had already tilted their body against the opening. Meanwhile, other participants twisted their shoulders just when they entered the opening, in particularly if they passed near the edge of the opening, in order to avoid bumping into the gate edge. In both cases, their tilted body angles made their projected body widths against the opening smaller, which allowed them to enter spatial gaps that were smaller than their actual body widths. These shoulder angles at the opening differed significantly according to the distance from the opening edge (Figs.19-25 ). The most significant changing point for this shoulder angle was on about 250 mm from either side of the opening edge. This value 250 mm is equivalent to approximately half the width of the human body.
Conclusion
An experiment was conducted to clarify the pedestrian flow rate at openings and the factors determining it. The results showed the following:
The specific flow rates are greater than 2.0 person/m/s.
Pedestrians occasionally tilt their bodies against the opening when they entered it.
The shoulder angles at the opening differed significantly between pedestrians whose distance from the opening edge was less than 250 mm and those whose distance was greater than 250 mm. 
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